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Abstract 
Odorous gas emissions from swine production are the unwanted by-product of farmers. Manure additive 
has a great potential to solve this problem. Manure additives are considered low-cost and user-friendly; 
they can be implemented without changing the current manure storage practices. The objective of this 
study was to evaluate the effectiveness of 12 current commercial manure additives on mitigating odor, 
ammonia (NH3), hydrogen sulfide (H2S), greenhouse gas (GHG), and volatile organic compounds (VOCs) 
from stored swine manure with pilot-scale setup by strictly following the recommended dosages and 
procedures from the product labels. Each product was tested for 2 months while gas and odor 
measurements were done weekly. At the end of the trials, manure properties and microbial communities 
were analyzed to determine whether manure additives impacting microbes in manure. Preliminary 
analyses indicate that there is no statistically significant reduction of any measured gas or odor 
emissions that could be associated with the tested products. 
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ABSTRACT. Odorous gas emissions from swine production are the unwanted by-product of farmers. Manure additive has 
a great potential to solve this problem. Manure additives are considered low-cost and user-friendly; they can be 
implemented without changing the current manure storage practices. The objective of this study was to evaluate the 
effectiveness of 12 current commercial manure additives on mitigating odor, ammonia (NH3), hydrogen sulfide (H2S), 
greenhouse gas (GHG), and volatile organic compounds (VOCs) from stored swine manure with pilot-scale setup by 
strictly following the recommended dosages and procedures from the product labels. Each product was tested for 2 
months while gas and odor measurements were done weekly. At the end of the trials, manure properties and microbial 
communities were analyzed to determine whether manure additives impacting microbes in manure. Preliminary analyses 
indicate that there is no statistically significant reduction of any measured gas or odor emissions that could be associated 
with the tested products. 
Keywords. Manure additive; odor; greenhouse gases; ammonia; hydrogen sulfide; volatile organic compounds; swine. 
This conference paper is a shorter version of the final report submitted to the National Pork Board: 
Koziel, J.A., D. S. Andersen, D.B. Parker, B. Chen. Evaluation of current products for use in deep-pit swine manure storage structures for mitigation 
of odors and reduction of NH3, H2S, and VOC emissions from stored swine manure. National Pork Board. Project 17-158. Final Report, submitted 
to the National Pork Board on Apr 28. 2020. 
The authors are solely responsible for the content of this meeting presentation. The presentation does not necessarily reflect the official position of the 
American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution does not constitute an endorsement of views 
that may be expressed. Meeting presentations are not subject to the formal peer review process by ASABE editorial committees; therefore, they are 
not to be presented as refereed publications. Publish your paper in our journal after successfully completing the peer review process. See 
www.asabe.org/JournalSubmission for details. Citation of this work should state that it is from an ASABE meeting paper. EXAMPLE: Chen, B. 2020.  
Evaluating of Products for Mitigation of Odor and Reduction of NH3, H2S, GHG, and VOC Emissions from Swine Manure in Deep Pit Storage 
Structures. ASABE Paper No. 2000874. St. Joseph, MI.: ASABE. For information about securing permission to reprint or reproduce a meeting 
presentation, please contact ASABE at www.asabe.org/copyright (2950 Niles Road, St. Joseph, MI 49085-9659 USA).1 
ASABE 2020 Annual International Meeting Page 4 
 
Introduction 
Swine Industry always has a big problem with the emissions that come from the swine manure. Ammonia (NH3) and 
hydrogen sulfide (H2S) are harmful to livestock and human, sometimes even deadly (Schiffman, 1998). Greenhouse gases, 
such as carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4) are very bad for the environment and one of the 
major causes of climate change (Thomas et al., 2004). Many of the volatile organic compounds (VOC’s) have a very 
unpleasant odor, and they can be carried by 5 to 20 µm diameter particle matters, and a swine house produces 80% of dust 
within the range of 0.5 to 2.5 µm, but these particles only are 10% of total mass (Heber et al., 1988; Cai et al., 2006; Honey 
and McQuity, 1979; Burnett, 1969; Nilsson, 1982). Helping to solve this issue, Iowa State University extension and Outreach 
organized the Air Management Practices Assessment Tool on manure storage and handling and gives 12 methods for 
mitigation of emissions from manure. Manure additive is one of them. Due to there are many different kinds of manure 
additive products and there is only very little scientific data about these products, the impact on emission mitigation of 
manure additives is very low (Iowa State University, 2019). But Manure additives do show potential in solving the issue. 
First, manure additives are very inexpensive compared with other methods. Second, they are very convenient for farmers to 
use. Last is that manure additive can be implemented with very little change to the current manure storage structures. 
 The objective of this research is to evaluate the current products available in the open market for use in deep-pit swine 
manure storage structures as their effectiveness in mitigation of odors and reduction of H2S, NH3, greenhouse gases, and 
VOC’s emissions from stored swine manure. Total 12 products were selected based on their common usage in commercial 
swine production in the U.S. The first trial included 4 products: Triune, Manure Master Plus, Sulfi-dox, and Confine N; the 
second trial included another 4 products: More than Manure, Enviro Lagoon, Oxydol, and Waste Away; the second trial 
included 3 products: Sludge Away, Penergetic g, and Manure Magic; the last trial only included 1 product: LLMO-SST. 
Most of these products are marketed with claims as to their effectiveness and the benefits they could provide, but there are 
very few scientific documents showing their impact. This research shows the side-by-side comparisons of additives to help 
the pork industry understand their impact on the emissions from manure. Additionally, it has been almost 20 years since the 




This research was using the pilot-scale set up to simulate the deep pit swine manure storage structure. There are 15 manure 
storage simulators; each has a height of 1.22 meters (4 ft) and a diameter of 0.38 m (15 inches) as shown in Figure 1. Fresh 
manure was collected from 3 different locations for each trial via a transfer pump pumping directly to a 200 gallons tank, 
then transferred into each manure storage simulators. The leftover manure was stored in a smaller tank for manure addition 
later in the experiment. Each trial of the experiment included at least 1 product and Control (n = 3). Manure was collected 
from 3 different swine farms in the mid-western U.S. Manure from each location filled 5 manure simulators. Products 
randomly assigned to 1 of 5 manure storage simulators with the manure from the same farm. So each product treated 3 
manure storage simulators and each simulator has manure from 1 farm.  
The manure storage simulators were filled with 74.6 L of swine manure. Bi-weekly, 9.5 L of manure was added directly 
from the top of the simulators to simulate the manure addition in the real swine barn. The airflow rate was kept at 7.5 air 
exchange per hour by rotameters. Each trial lasted for 8 weeks. The baseline gas emissions from each simulator were 
measured for 2 weeks before applying any treatment. The dosage of each product was followed by the recommended dosages 
on their product labels or websites. The gas concentration measurements for NH3 and H2S were done twice a week; GHG, 
odor, and VOC were done weekly. 
NH3 and H2S concentrations were measured with both Drager X-am 5600 portable gas analyzer and OMS-300 which 
can be used to measure real-time gas concentrations. For both types of equipment, high precise standard gases were used to 
calibrate. 5 points calibration curves were also created to correct the values. Both equipment measure gas concentration in 
parts per millions. OMS-300 is equipped with NH3/CR-1000 and H2S/C-50 electrochemical gas sensors (Wallisellen, 
Switzerland) and Drager X-am 5600 equipped with NH3 and H2S XS sensors (Luebeck, Germany) (Maurer al et., 2017a, 
2017b, 2019; Wi al et., 2019).  
Greenhouse gases (GHG) were measured for CO2, N2O, and CH4. First GHG samples were collected with a syringe 
from the headspace of the manure simulators in 5.9 ml Extainer vials (Labco Limited, UK). All Extainer vials have been 
pre-cleaned with Helium gas (UHP 300) and vacuumed for over 7 cycles. Then the samples were analyzed with GHG-GC 
(SRI Instruments, Torrance, CA, USA) equipped with FID and ECD. Before each use of the GHG-GC, the standard curves 
were created for each targeted greenhouse gas by using 1005 ppm and 4010 ppm of CO2, 10 ppm and 20 ppm of CH4, and 
0.1 ppm and 1 ppm of N2O (Maurer al et., 2017a, 2017b, 2017c, 2017d, 2019). 
To analyze the VOCs in the headspace of each manure storage the manure storage air samples were collected in 1 L gas 
sampling glass bulbs (Supelco) by using portable sampling pumps. The airflow was at 5 air exchange rates. Every time a 
clean bulb, flushed with DI water and baked in the oven at 97 ˚C overnight, was used for sampling. The gas bulbs were 
ASABE 2020 Annual International Meeting Page 5 
always transported using a chest cooler to reduce light contact. Concentration errors related to leakage was also reduced by 
on-site injection of 1 µL internal standard (100 ppm Hexane) immediately after each sample collection to the gas sampling 
glass bulb. After bringing back to the lab, VOCs were absorbed with a 2cm DVB/Carboxen/PDMS solid-phase 
microextraction (SPME) fiber (57384-U, Supelco, Bellefonte, PA, USA) for 50 minutes at lab temperature (23-24 ˚C), then 
analyzed with a multidimensional GC-MS within 12 h of sample collection. 
To analyze the VOCs the SPME fiber loaded with VOCs was inserted into a 260 ˚C GC (Microanalytics, a part of Volatile 
Analysis Corporation, Round Rock, TX, USA) inlet, VOCs were thermally desorbed for 2 minutes and analyzed by a mass 
spectrometer (model 5973N, Santa Clara, CA, USA). Two capillary columns, a 5% phenyl polysilphenylene-siloxane (30 m 
× 0.53 mm inner diameter × 0.5µm thickness, Trajan Scientific, Austin, TX, USA) column followed by a polar column 
bonded polyethylene glycol in a Sol-Gel matrix (30 m × 0.53 mm inner diameter × 0.5µm thickness, Trajan Scientific, 
Austin, TX, USA), were used in the chromatographic part and constant pressure of 0.39 atm was maintained at the mid-
point of two columns by a pneumatic switch. A total 40 minutes run time performed with a starting GC oven temperature of 
40 ˚C for 3 minutes, then a 7 ˚C/minute ramp up to 240 ˚C and then held for 8.43 minutes. The carrier gas used was ultra-
high pure helium (99.999%, Airgas, Des Moines, IA, USA). The GC inlet was operated in splitless mode. The target 
compounds were scanned on SIM mode, and the full scan range was from 34 m/z to 350 m/z. The quadrupole MS was using 
electron ionization (EI) mode with ionization energy of 70 eV. The system automation software Multitrax v. 6.00.1 
(Microanalystics, Round Rock, TX, USA) and data acquisition software ChemStation E.01.01.335 (Agilent Technologies, 
Santa Clara, CA, USA) were used respectively for this study. The NIST mass spectral library (with at least 80% spectral 
match) was used to identify the compounds in this study. Further, a set of 15 pure VOC standards were run and calibrated to 
verify the retention time of the VOCs investigated in this study. 
The odor samples were collected weekly by using Vac-U-Chamber and transfer back to the lab in 10 L Tedlar sample 
bags. Tedlar sample bags were flushed and vacuumed with air multiple times before using them. Within 12 hours, all the 
odor samples were analyzed with AC’SCENT International Olfactometer using dynamic triangular forced-choice methods. 
There were 4 panelists, and each sample was evaluated twice by each panelist (Akdeniz al et., 2012; Bereznicki al et., 2012; 
Cai al et., 2015). 
 
Results and Statistical Analysis 
The statistical was done using JMP software (version Pro 14, SAS Institute, Inc., Cary, NC, USA). Two-way full-factorial 
ANOVA and Tukey-Kramer Method were used to determine the statistically significant. If a P-value is less than 0.05, then 
the reduction is statistically significant.  
No statistical significance to the mitigation of emissions of ammonia, hydrogen sulfide, carbon dioxide, methane, nitrous 
oxide, odor, and 11 odorous VOCs were observed in the all 12 tested products (Triune, Manure Master Plus, Confine N, 
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